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Abstract 
In March 2008, we conducted a survey to investigate the distribution and abundance of the invasive ctenophore Mnemiopsis 
leidyi in the Bornholm Basin after the winter period. Compared to the situation in November 2007 the centre of the distribution 
had shifted towards the deeper parts of the Basin where temperatures were higher than at the surface. Furthermore, we found a 
decrease in average size from 18.6 mm ± 7.6 SD in November to an average of 10.5 mm ± 4.9 SD in March, which may indicate 
the emergence of a new generation of M. leidyi between the two sampling dates. 
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Since the first observations of Mnemiopsis leidyi 
A. Agassiz 1865 in Northern Europe (Faasse and 
Bayha 2006; Hansson 2006; Javidpour et al. 
2006; Oliveira 2007), several studies have 
described occurrences of this invasive lobate 
ctenophore in the Baltic, spanning from Kattegat 
to the Bothnian Sea (Haslob et al. 2007; Janas 
and Zgrundo 2007; Kube et al. 2007; Lehtiniemi 
et al. 2007; Tendal et al. 2007; Javidpour et al. 
2008; Viitasalo et al. 2008). In November 2007, 
Huwer et al. (2008) investigated the horizontal 
and vertical distribution of Mnemiopsis leidyi in 
the central Baltic Sea. The studied area covered 
the Bornholm Basin, an important spawning 
ground for cod and sprat (Köster et al. 2005). 
Four months later, in March 2008, we conducted 
a survey in the same area to investigate if M. 
leidyi had survived the winter and how the 
distribution and abundances of this invasive 
species had changed during wintertime. 
M. leidyi were sampled during a cruise with 
the Danish research vessel 'DANA' from March 
1st to 17th 2008, on a station grid covering the 
Bornholm Basin. Additional sampling was 
conducted on a transect through the Arkona 
Basin consisting of 6 stations (Figure 1). To 
assess abundances and the horizontal distribution 
of M. leidyi, hauls with a Bongo net were taken 
on a total of 75 stations. The gear was equipped 
with two nets of different mesh size (335 μm and 
500 μm) and with flowmeters to measure the 
volume of filtered water. Double oblique hauls 
from the surface to 2 meter above the seafloor 
were conducted at a towing speed of 3 knots. 
Upon retrieval of the gear, specimens of M. 
leidyi were immediately sorted from the samples, 
counted and the body oral-aboral length of each 
individual was measured to the nearest 1.0 mm 
with a sliding caliper. All samples were analysed 
within   30  minutes   after   capture.   Counts  of 
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Figure 1. M. leidyi. Horizontal distribution and abundances (ind. m-2) sampled with a Bongo net in March 2008. Station numbers are 
identical with the numbers in Annex 1 
 
M. leidyi were standardised to 1 m2 surface area 
by accounting for the filtered water volume and 
the maximum depth of the tow. 
A total of 208 and 261 specimens of M. leidyi 
were caught in the 335 µm and 500 µm net, 
respectively. There was no significant difference 
(P = 0.634) between the size ranges of specimens 
caught with the two different mesh sizes, as 
average lengths were 10.2 mm ± 4.6 SD and 10.7 
mm ± 5.1 SD for the 335 μm and 500 μm net, 
respectively. Accordingly, samples from the two 
nets have been pooled in the further analysis.  
For a comparison of length distributions of M. 
leidyi between fall and spring, length data from 
November 2007 were used. The sampling 
procedure for these data is described in Huwer et 
al. (2008).  
Horizontal distribution and abundance 
Low temperatures have been found to be a 
limiting factor for the distribution and growth of 
M. leidyi (Kremer 1994; Mutlu 1999; Purcell et 
al. 2001; Shiganova et al. 2001; Purcell and 
Decker 2005). Therefore, we were interested in 
investigating the abundance and distribution of 
M. leidyi in the central Baltic after the winter 
period. 
Huwer et al. (2008) found M. leidyi to be 
present over large areas of the central Baltic Sea 
in November 2007. In the present study in March 
2008 the species was again distributed over large 
parts of the area. However, in comparison to the 
situation in fall 2007, the centre of the distribu-
tion had shifted to the deeper central parts of the 
Bornholm Basin (Figure 1). During the present 
study in spring 2008, no ctenophores were found 
on the 18 stations with depths <50 meters. The 
abundances of M. leidyi increased with increa-
sing depth and almost 90% of the specimens 
were registered on stations with depths >70 
meter (Table 1). 
A possible reason for this change may be 
colder winter temperatures above the halocline in 
the Bornholm Basin. Figure 2 shows temperature 
and salinity profiles from a station in the central 
Bornholm Basin (Station 23 in Figure 1 and 
Annex 1; 55.292°N, 15.750°E) in November 
2007 and March 2008. The situation in March 
showed a well mixed surface layer with a 
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temperature of 4°C, and higher temperatures of 6 
to 8°C in the bottom layer below 50 m depth. In 
November no such distinct temperature diffe-
rence was detected and the surface water was 
much warmer with temperatures of about 9.5°C. 
In contrast to temperature, salinity did not seem 
to have an influence on the change in distri-
bution in the present study. The salinity profiles 
showed little differences between fall and spring 
due to the permanent halocline in the Bornholm 
Basin. 
Kube et al. (2007) have shown that M. leidyi 
was able to survive the winter in the Baltic Sea. 
Even though abundances at a sampling station in 
the Bornholm Basin were generally low, they 
found a decrease in abundances from February to 
May.  
Table 1. Abundances of M. leidyi at different depth strata in 
March 2008 
Depth Stations (n) 
M. leidyi 
(n) 
M. leidyi 
(%) 
Average 
M. leidyi 
m-2 
<   50 m 18 0 0% 0 
50-59 m 12 18 3.8% 0.12±0.36 
60-69 m 16 41 8.7% 0.19±0.44 
70-79 m 17 178 38.0% 0.68±1.19 
>   80 m 12 232 49.4% 1.37±0.98 
Length distribution 
Specimens of M. leidyi were significantly 
(P<0.001) larger in November 2007 than in 
March 2008. M. leidyi between 6-59 mm 
(average 18.6 mm ± 7.6 SD) and 3-27 mm 
(average 10.5 mm ± 4.9 SD) were caught in 
November 2007 and March 2008, respectively 
(Figure 3). Javidpour et al. (2008) investigated 
seasonal changes and population dynamics of M. 
leidyi in Kiel Fjord in the western Baltic Sea. 
Abundance peaks were observed in late summer-
early autumn, which is in good correspondence 
to population dynamics in native habitats of M. 
leidyi (Kremer 1994). Javidpour et al. (2008) 
further describe seasonal shifts in the dominant 
size classes and conclude that peak reproduction 
in Kiel Fjord takes place in late summer and fall.  
However, their finding of a higher larvae: adult 
ratio from October 2006 to January 2007 may 
also indicate some reproduction in the winter 
period. In the present study, occurrence of 
smaller individuals in spring could be interpreted 
as the outcome of a new generation during fall or 
winter. This may indicate that successful 
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Figure 2. Temperature and salinity profiles in the central 
Bornholm Basin (station 23 in Figure 1 and Annex 1) in 
November 2007 and March 2008 
reproduction and overwintering also occurs in 
the Bornholm Basin. However, because cteno-
phores can hardly be aged and are known to 
shrink at low food abundances (Reeve et al. 
1989, Purcell et al. 2001), smaller size ranges in 
March could be due to starvation during winter-
time. Another possible explanation for the shift 
in the length distribution may be passive trans-
port of smaller individuals into the Bornholm 
Basin. A drift modeling study has shown that 
such a transport, e.g. from areas in the western 
Baltic, could be possible within few months 
(Postel et al. 2007). 
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Figure 3. M. leidyi. Relative size distribution of ctenophores 
sampled in March 2008 (dark grey bars, n=469) and 
November 2007 (light grey bars, n=364; from Huwer et al. 
2008) 
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The maximum abundance of M. leidyi in the 
Bornholm Basin in November 2007 was 8.92 
ind. m-2, with an average level of 1.58 ± 2.12 
ind. m-2 (Huwer et al. 2008). In the present study 
four months later, abundances were lower with a 
maximum abundance of 4.83 ind. m-2, and an 
average level of 0.43 ± 0.86 ind. m-2. 
However, even though abundances had 
decreased from fall to spring, M. leidyi has 
survived the second winter after its introduction 
to the central Baltic. 
Conclusions 
It can be concluded that M. leidyi was still 
present in the Bornholm Basin after the winter 
2007/2008 and that the size distribution had 
shifted to smaller specimens, which may indicate 
the emergence of a new generation. Furthermore, 
there has been a shift in the horizontal 
distribution towards deeper parts of the Basin 
from fall to spring. Accordingly, M. leidyi may 
migrate from the colder surface layer to the 
warmer deep water during winter, while expan-
ding its distribution to warmer upper layers and 
coastal areas during summer and fall. A similar 
temperature dependent vertical distribution was 
reported by Javidpour et al. (2008) for the M. 
leidyi population in Kiel Fjord. Other possible 
reasons for the changing distribution might be 
passive advection or differences in food availa-
bility. Thus, the present study provides further 
support for the hypothesis that M. leidyi uses the 
deep layers of the Bornholm Basin as over-
wintering refuge (Kube et al. 2007; Huwer et al. 
2008).  
However, to obtain a better understanding of 
M. leidyi distribution and population dynamics in 
the central Baltic, a temporally explicit monito-
ring is highly advisable. M. leidyi is known to 
prey on fish eggs and larvae (Cowan and Houde 
1993; Purcell and Arai 2001; Purcell et al. 2001) 
and to compete with fish for zooplankton prey. 
Therefore, the seasonal development of this 
invasive predatory species receives special 
interest in the light of spatio-temporal inter-
actions with ichthyoplankton in the Bornholm 
Basin (Haslob et al. 2007; Huwer et al. 2008). 
This area is at present the most important 
spawning ground for Eastern Baltic cod, a fish 
stock already suffering from unfavorable 
environmental conditions and heavy exploitation 
(Köster et al. 2005). 
Acknowledgements 
This study has been carried out with support of 
the National Institute of Aquatic Resources at the 
Technical University of Denmark and the 
Commission of the European Communities, 
specifically SSP8-2004-513670, PROTECT. We 
do appreciate all the extra work conducted by the 
crew and scientific staff on 'DANA' during the 
survey especially the help of Thomas Warnar. 
References 
Claussen DL, Hopper RA, Sanker AM (2000) The effects of 
temperature, body size, and hydration state on the 
terrestrial locomotion of the crayfish Orconectes 
rusticus. Journal of Crustacean Biology 20: 218-223 
Cowan JH Jr., Houde ED (1993) Relative predation potentials 
of scyphomedusae, ctenophores and planktivorous fish 
on ichthyoplankton in Chesapeake Bay. Marine Ecology 
Progress Series 95: 55-65 
Faasse MA, Bayha KM (2006) The ctenophore Mnemiopsis 
leidyi A. Agassiz 1865 in coastal waters of the 
Netherlands: an unrecognized invasion? Aquatic 
Invasions 1: 270-277 
Hansson HG (2006) Ctenophores of the Baltic and adjacent 
Seas – the invader Mnemiopsis is here! Aquatic 
Invasions 1: 295-298 
Haslob H, Clemmesen C, Schaber M, Hinrichsen H-H, 
Schmidt J, Voss R, Kraus G, Köster FW (2007) Invading 
Mnemiopsis leidyi as a potential threat to Baltic fish. 
Marine Ecology Progress Series 349: 303-306 
Huwer B, Storr-Paulsen M, Riisgård H-U, Haslob H (2008) 
Abundance, horizontal and vertical distribution of the 
invasive ctenophore Mnemiopsis leidyi in the central 
Baltic Sea,  November 2007. Aquatic Invasions 3: 113-
124 
Janas U, Zgrundo A (2007) First record of Mnemiopsis leidyi 
A. Agassiz, 1865 in the Gulf of Gdańsk (southern Baltic 
Sea). Aquatic Invasions 2: 450-454 
Javidpour J, Sommer U, Shiganova, T (2006) First record of 
Mnemiopsis leidyi A. Agassiz 1865 in the Baltic Sea. 
Aquatic Invasions 1: 299-302 
Javidpour J, Molinero J C, Peschutter J, Sommer U, 
Shiganova T (2008) Seasonal changes and population 
dynamics of the ctenophore Mnemiopsis leidyi after its 
first year of invasion in the Kiel Fjord, Western Baltic 
Sea. Biological Invasions. DOI 10.1007/s10530-008-
9300-8 
Kremer P (1994) Patterns of abundance for Mnemiopsis in US 
coastal waters: A comparative overview. ICES Journal 
of Marine Science 51: 347-354 
Kube S, Postel L, Honnef C, Augustin C (2007) Mnemiopsis 
leidyi in the Baltic Sea – distribution and overwintering 
between autumn 2006 and spring 2007. Aquatic 
Invasions 2: 137-145 
Köster FW, Möllmann C, Hinrichsen H-H, Wieland K, 
Tomkiewicz J, Kraus G, Voss R, Makarchouk A, 
MacKenzie BR, St. John MA, Schnack D, Rohlf N, 
Linkowski T, Beyer JE (2005) Baltic cod recruitment - 
the impact of climate variability on key processes. ICES 
Journal of Marine Science 62: 1408-1425 
 
 
 
Mnemiops i s  l e i dy i  i n  t he  cen t r a l  Ba l t i c  
 
433 
Lehtiniemi M, Pääkkönen J-P, Flinkman J, Gorokhova E, 
Karjalainen M, Viitasalo S, Björk H (2007) Distribution 
and abundance of the American comb jelly (Mnemiopsis 
leidyi) – A rapid invasion to the northern Baltic Sea 
during 2007. Aquatic Invasions 2: 272-276 
Mutlu E (1999) Distribution and abundance of ctenophores 
and their zooplankton food in the Black Sea. II. 
Mnemiopsis leidyi. Marine Biology 135: 603-614 
Oliveira OMP (2007) The presence of the ctenophore 
Mnemiopsis leidyi in the Oslofjorden and considerations 
on the initial invasion pathways to the North and Baltic 
Seas. Aquatic Invasions 3: 185-189 
Postel L, Kube S, Hammer C, Zimmermann C, Sommer U, 
Javidpour J, Clemmesen C, Boersma M (2007) Die 
Invasion der räuberischen Rippenqualle Mnemiopsis 
leidyi in der Ostsee. Final Report, November 2007. IOW 
- Leibniz Institute for Baltic Sea Research, Warnemünde 
Purcell JE, Arai MN (2001) Interactions of pelagic cnidarians 
and ctenophores with fish: A review. Hydrobiologia 451: 
27–44 
Purcell JE, Shiganova TA, Decker MB, Houde ED (2001) The 
ctenophore Mnemiopsis in native and exotic habitats: 
U.S. estuaries versus the Black Sea basin. Hydrobiologia 
451: 145-176 
Purcell JE, Decker MB (2005) Effects of climate on relative 
predation by scyphomedusae and ctenophores on 
copepods in Chesapeake Bay during 1987–2000. 
Limnology and Oceanography 50: 376-387 
Reeve MR, MA Syms, Kremer P (1989) Growth dynamics of 
a ctenophore (Mnemiopsis) in relation to variable food 
supply. I. Carbon biomass, feeding, egg production, 
growth and assimilation efficiency. Journal of Plankton 
Research 11: 535-552 
Shiganova TA, Mirzoyan ZA, Studenikina EA, Volovik SP, 
Siokou-Frangou I, Zervoudaki S, Christou ED, Skirta 
AY, Dumont HJ (2001) Population development of the 
invader ctenophore Mnemiopsis leidyi, in the Black Sea 
and in other seas of the Mediterranean basin. Marine 
Biology 139: 431-445 
Tendal O, Jensen KR, Riisgård HU (2007) Invasive 
ctenophore Mnemiopsis leidyi widely distributed in 
Danish waters. Aquatic Invasions 2: 272-277 
Viitasalo S, Lehtiniemi M, Katajisto T (2008) The invasive 
ctenophore Mnemiopsis leidyi overwinters in high 
abundances in the subarctic Baltic Sea. Journal of 
Plankton Research 30: 1431-1436 
 
 
 
 
Annex 1 
Station number, position, sampling date, depth and abundance of Mnemiopsis leidyi caught with 335 μm and 500 μm  Bongo nets, 
respectively. The station numbers refer to Figure 1 
 
Geographic coordinates 
Station 
Latitude, °N Longitude, °E 
Date Sampling depth (m) 
Abundance 
(ind. m-2)  
335 μm 
Abundance 
(ind. m-2)  
500 μm 
A1 54.817 13.083 16.03.2008 0- 35 0.00 0.00 
A2 55.067 13.333 16.03.2008 0- 41 0.00 0.00 
A3 54.983 13.667 16.03.2008 0- 45 0.00 0.00 
A4 55.033 13.967 16.03.2008 0- 46 0.00 0.00 
A5 55.183 14.133 16.03.2008 0- 45 0.00 0.00 
A6 55.250 14.300 16.03.2008 0- 45 0.00 0.00 
1 55.458 14.750 13.03.2008 0- 69 0.12 0.12 
2 55.625 14.750 06.03.2008 0- 66 0.00 0.00 
02a 55.792 14.750 06.03.2008 0- 47 0.00 0.00 
3 55.625 15.000 13.03.2008 0- 75 0.33 0.11 
03a 55.792 15.000 06.03.2008 0- 37 0.00 0.00 
4 55.625 15.250 12.03.2008 0- 76 0.50 1.49 
04a 55.792 15.250 06.03.2008 0- 51 0.00 0.00 
5 55.625 15.500 12.03.2008 0- 67 0.13 0.13 
05a 55.792 15.500 06.03.2008 0- 59 0.00 0.00 
6 55.625 15.750 12.03.2008 0- 70 0.42 0.00 
06a 55.792 15.750 06.03.2008 0- 42 0.00 0.00 
7 55.625 16.000 08.03.2008 0- 73 0.83 0.69 
8 55.792 16.000 07.03.2008 0- 61 0.00 0.00 
9 55.792 16.250 07.03.2008 0- 60 0.00 0.00 
10 55.625 16.250 08.03.2008 0- 72 0.43 0.57 
11 55.792 16.500 07.03.2008 0- 56 0.00 0.00 
11a 55.792 16.750 07.03.2008 0- 47 0.00 0.00 
11b 55.792 17.000 07.03.2008 0- 37 0.00 0.00 
12 55.625 16.500 07.03.2008 0- 62 0.00 0.00 
12a 55.625 16.750 07.03.2008 0- 44 0.00 0.00 
12b 55.625 17.000 07.03.2008 0- 26 0.00 0.00 
13 55.458 16.500 05.03.2008 0- 59 0.00 0.00 
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Annex 1 (continued) 
 
Geographic coordinates 
Station 
Latitude, °N Longitude, °E 
Date Sampling depth (m) 
Abundance 
(ind. m-2)  
335 μm 
Abundance 
(ind. m-2)  
500 μm 
14 55.458 16.250 05.03.2008 0- 73 0.56 0.00 
15 55.458 16.000 05.03.2008 0- 84 2.14 2.32 
16 55.458 15.750 05.03.2008 0- 87 0.77 0.62 
17 55.458 15.500 05.03.2008 0- 84 1.48 0.49 
18 55.458 15.250 12.03.2008 0- 87 1.54 0.56 
19 55.458 15.000 12.03.2008 0- 76 0.15 0.00 
20 55.292 15.000 13.03.2008 0- 71 0.00 0.00 
21 55.292 15.283 13.03.2008 0- 77 0.00 0.00 
22 55.292 15.500 13.03.2008 0- 93 1.59 0.87 
23 55.292 15.750 14.03.2008 0- 95 1.21 1.91 
24 55.292 16.000 14.03.2008 0- 90 0.43 0.98 
25 55.292 16.250 14.03.2008 0- 74 4.01 5.66 
26 55.292 16.500 10.03.2008 0- 63 0.00 0.00 
27 55.125 16.500 10.03.2008 0- 52 0.00 0.00 
28 55.125 16.250 10.03.2008 0- 81 2.19 5.21 
29 55.125 16.000 10.03.2008 0- 90 2.07 2.81 
30 55.125 15.750 12.03.2008 0- 90 0.48 0.85 
31 55.125 15.500 12.03.2008 0- 67 0.15 0.29 
32 55.125 15.250 12.03.2008 0- 58 0.00 0.00 
33 54.958 15.250 09.03.2008 0- 45 0.00 0.00 
34 54.958 15.500 09.03.2008 0- 75 0.39 0.26 
35 54.958 15.750 08.03.2008 0- 80 0.36 1.62 
36 54.958 16.000 08.03.2008 0- 74 2.42 1.78 
37 54.958 16.250 08.03.2008 0- 53 0.00 0.00 
38 54.792 16.000 08.03.2008 0- 53 1.25 1.25 
38a 54.792 16.250 08.03.2008 0- 50 0.00 0.20 
38b 54.625 16.000 08.03.2008 0- 47 0.00 0.00 
39 54.792 15.750 08.03.2008 0- 75 0.19 0.93 
40 54.792 15.500 09.03.2008 0- 79 0.17 0.52 
41 54.792 15.250 09.03.2008 0- 68 0.00 0.13 
42 54.792 15.000 09.03.2008 0- 58 0.00 0.00 
42a 54.792 14.750 09.03.2008 0- 46 0.00 0.00 
43 54.625 15.250 10.03.2008 0- 58 0.16 0.00 
43a 54.625 15.000 10.03.2008 0- 32 0.00 0.00 
43b 54.625 14.750 09.03.2008 0- 47 0.00 0.00 
44 54.625 15.500 09.03.2008 0- 65 1.44 2.02 
45 54.625 15.750 09.03.2008 0- 60 0.50 0.84 
46 55.230 16.800 04.03.2008 0- 75 0.34 0.34 
47 55.250 17.080 04.03.2008 0- 80 0.00 0.36 
48 55.233 17.367 04.03.2008 0- 66 0.00 0.33 
49 55.250 17.583 05.03.2008 0- 63 0.00 0.00 
50 55.233 17.917 05.03.2008 0- 58 0.00 0.00 
51 55.483 17.917 05.03.2008 0- 66 0.00 0.00 
52 55.417 17.583 04.03.2008 0- 76 0.00 0.00 
53 55.350 17.367 04.03.2008 0- 70 0.00 0.00 
54 55.350 17.083 04.03.2008 0- 66 0.00 0.00 
55 55.350 16.800 04.03.2008 0- 63 0.00 0.00 
 
 
 
 
 
 
